Endocrinologists have unique skills in evaluating and caring for patients with metabolic diseases. As such, they have a special role to play within the organizations in which they work as leaders in the approach to managing obese patients. Recent epidemiological data demonstrate that the prevalence of obesity is beginning to plateau. However, the rate of severe obesity in adults and the prevalence of overweight among children continue to grow, suggesting that in the future there will be an increasing burden of obesity-related illnesses. A number of recent studies have identified a number of novel mechanisms that predispose to obesity including several newly identified genes, the role of intestinal microflora, and even social networks. The selection of treatment for obese patients remains a complex issue. Recent studies demonstrate that a range of dietary approaches including the Atkins diet can provide modest weight loss, although the key feature appears to be adherence in the dietary strategy. High levels of physical activity appear to be necessary to maintain a reduced state, although modest increases in activity improve fitness. Although the new understanding of biology of weight regulation has provided a wide range of potential drug targets, available pharmacotherapy options remain limited although a number of potential targets show promise. Recent data provides the most enthusiasm for surgical treatment of obesity. Several recent studies demonstrate a reduction in mortality and dramatic benefits in diabetes in obese patients treated surgically. Questions remain as to the best surgical approach and the cost effectiveness. Research advances in obesity continue to move at a rapid pace and raise hopes for more effective management strategies in the future. O besity is a degree of excess weight that is associated with adverse health consequences. In adults, overweight and obesity are defined using the body mass index (BMI), which is the ratio of weight in kilograms divided by the height in meters squared. Overweight is defined as a BMI between 25.0 and 29.9 kg/m 2 , and obesity is defined as a BMI higher than 30.0 kg/m 2 (1). In children, the term overweight has been preferred because of the potential for stigmatization associated with the term obesity. In the United States, criteria for overweight in childhood are based on the 2000 Centers for Disease Control BMI-for-age growth charts with values at or above the 95th percentile categorized as overweight (2). Research on obesity spans a broad range of disciplines from molecular biology to epidemiology. Progress has been made over the last year on many fronts. In this paper, I will highlight a few recent developments on the epidemiology of obesity, the health effects of excess weight, recent advances in our understanding of the causes of obesity, and new aspects of treatment including diet, physical activity, pharmacotherapy, and surgery.
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Epidemiology of Obesity
Although it is clear to all that obesity remains a serious public health problem, a number of new studies provide insights into the current magnitude of the problem and associated health complications. Within the United States, there are two sources of data on the prevalence of obesity (www.cdc.gov/nccdphp/dnpa/ obesity/trend/index.htm). The first is the Behavioral Risk Factor Surveillance Survey. This nationally representative sample provides state-by-state data on the prevalence of obesity yearly. However, the Behavioral Risk Factor Surveillance Survey data come from self-reports and, given the known inaccuracies of self-reported height and weight, likely result in an underestimate of the actual prevalence of obesity. The other data set is the 31 .1% in men and 33.2% in women, not significantly different from the more recent numbers. This plateau in the prevalence of obesity suggests that either public health efforts to control the problem are beginning to have effects or that the subset of the population that is susceptible to obesity has already manifested the phenotype.
What is happening to the problem of obesity in other countries? The World Health Organization monitors the prevalence of obesity around the world. Although prevalence rates vary dramatically from country to country, the World Health Organization estimates that over 1.7 billion people around the globe are overweight and 310 million are obese. The problem of obesity is growing in many developing countries (http://www. who.int/topics/obesity/en/). Rates of obesity have tripled in the last 20 yr in the developing world with 10% of the world's children currently overweight or obese. The Middle East, Pacific Islands, Southeast Asia, and China are facing the greatest challenges (4). These dramatic increases in the prevalence of obesity raise serious concerns about a future characterized by increasing rates of diabetes and other obesity-associated disorders around the globe.
Although obesity is clearly associated with an increased risk for diabetes, coronary heart disease (CHD), degenerative joint disease, and a number of cancers, there has been controversy over the relationship between BMI and mortality. This controversy has made some feel that concern over the risks of obesity is overstated. Data from NHANES comparing the relationship between BMI and mortality in cohorts from the 1960 -1970s to the 1990 -2000s suggested that increased mortality rates seen with BMIs of 25-30 kg/m 2 in the early cohorts were not seen in later cohorts (5) . The author's ideas for explaining these findings included the notion that overweight and obese individuals receive more aggressive treatment for diabetes, hypertension, hyperlipidemia, and other metabolic disorders now than they did in previous generations reducing their mortality (6) .
A new study by Adams and co-workers published in 2006 addresses the relationship between mortality and weight more definitively than previous studies (7) . This study reported 10-yr mortality rates in more than 500,000 Americans who were 50 -71 yr old at the time of enrollment in the National Institutes of Health-American Association of Retired Persons (NIH-AARP) cohort. Because of the large sample size, this study included a direct analysis of individuals who were nonsmokers and had no preexisting illness. These factors are known to affect the relationship between mortality and weight and have been controlled for statistically in most previous studies. The results of this study depicted in Fig. 1 , A (men) and B (women), demonstrate a 20 -40% increase in mortality in both men and women who were overweight in midlife, and a 2-to 3-fold increased risk of mortality among obese individuals. These results provide strong support for the idea that even modest increases in weight may reduce lifespan. They also suggest that there will be substantial costs associated with the obesity epidemic as the population ages.
How will increasing levels of obesity in children affect disease prevalence in the future when these individuals are adults? This question was addressed by Bibbins-Domingo et al. (8) in a study in 2007. They estimated the prevalence of obesity in 35-yr-olds in the year 2020 based on the prevalence of adolescent overweight in 2000 and then modeling subsequent weight gain and disease risk. They predict that in 2020, the prevalence of obesity among 35-yr-olds will be 30 -37% in men and 34 -44% in women. As a consequence, they project that the prevalence of CHD will increase by 5-16% with more then 100,000 excess cases of CHD attributable to obesity. Similarly concerning results were reported by Baker et al. (9) . This study from Denmark looked at the prevalence of CHD in a cohort of over 14,000 adult men and women who had childhood BMI data available from measurements taken when these individuals were 7-13 yr of age. This large study with a long period of direct follow-up demonstrated a positive linear association between BMI in childhood and the risk of CHD in adulthood as well as age of onset and risk (Fig. 2) . These two studies highlight the serious impact that the growing prevalence of childhood obesity in the United States and around the world will have on adverse health events and costs of care in the future and suggest continuing efforts to prevent weight gain in children are justified. In addition to producing illness, obesity can reduce functional capacity. A recent paper by Alley examined the relationship between obesity and disability in the period of 1998 -2004 (10) . This study used NHANES data to examine how changes in the weight of the population affected the prevalence of disability defined as impaired activities of daily living and/or functional impairment. This study found that over this time period, the prevalence of disability among obese individuals grew relative to that seen in normal-weight individuals. In the later time period extending to 2004, 42.2% of obese individuals reported some degree of functional impairment compared with 26.6% in normal-weight individuals. For impairment of activities of daily living the numbers were 5.5% in obese compared with 3.5% in normal weight individuals. This study highlights the increasing social costs associated with the growing prevalence of obesity, in particular serious obesity.
In the area of epidemiology of obesity, the good news is that rates of obesity in the United States appear to be reaching a plateau. The bad news is that the prevalence of obesity continues to grow around the world, and increasing evidence supports the notion that obesity is associated with morbidity, disability, and increased rates of mortality.
New Insights into the Causes of Weight Gain
Although there is concern over the public health challenges posed by the problem of obesity, hope for the development of new treatments grows out of progress that is being made in our understanding of the systems that regulate body weight and the genes that are associated with weight gain. The most compelling recent data of genetic linkage comes from the FTO (fat mass and obesity-associated) gene. A number of variant alleles in the first intron of FTO have been shown in several independent genomewide association studies to be strongly and significantly associated with obesity-related traits (11) . Individuals who are homozygous for the high-risk alleles weigh roughly 3 kg more than those individuals homozygous for the low-risk allele (12) (13) (14) . Homozygosity appears to occur in roughly 16% of several populations that have been studied. The product of this gene appears to be an enzyme that is likely involved in demethylation of singlestranded DNA in hypothalamic nuclei involved in regulating energy balance (15) . Farooqi and co-workers (16) have been looking for alterations in the leptin receptor (LEPR) gene in individuals with severe early-onset obesity, especially those who were the product of consanguineous families. They found that 3% of 300 of these subjects had missense or nonsense mutations of the LEPR. Although this rate of gene abnormalities is substantially higher than the prevalence of mutations of the leptin gene, it still accounts for an extremely small number of cases of obesity. Herbert and co-workers performed a dense whole-genome scan of DNA samples obtained from subjects enrolled in the Framingham Heart Study and a number of other large cohort studies looking for gene loci that were associated with obesity. They identified a common gene variant near the INSIG2 (insulininduced gene 2) that was present in roughly 10% of their cohorts and was associated with roughly 2 kg of excess weight compared with those individuals with low-risk alleles (17) . Although the mechanism by which this high-risk allele increases the risk for obesity is not known, evidence from animal models suggests that it may promote abnormalities in triglyceride metabolism. This brief review of recently identified genes that appear to be associated with weight gain highlights a number of features about this line of research. First, the amount of weight gain associated with these genes, although statistically significant, is fairly small, suggesting either that the environment plays a substantial role it the current epidemic of obesity or that we are yet to find the genes that are most important. Alternatively it may be that many genes, each with relatively small effects, come together in an individual to produce clinically significant weight gain. In any event, it seems likely that it will be some time before these advances in the genetics translate into advances in the clinical care of most obese individuals.
Although it is attractive to try to attach pathogenic importance to one gene, it is increasingly clear that systems and networks of systems ultimately conspire to promote or protect against weight gain. A dramatic example of this view comes from an innovative study by Christakis and Fowler (18) on the role of social networks in the spread of obesity. This study drew on information obtained from individuals enrolled in the Framingham Heart Study who were asked to identify their friends in an effort to facilitate long-term follow-up and retention in that study. The investigators used these data on over 12,000 interconnected individuals followed for more than 30 yr to examine the effects of relationships on weight gain. They found that a person's risk of becoming obese over the period of follow-up increased by 57% if one of their friends became obese. The effect was present but of smaller magnitude if the social contact was a sibling or spouse. By highlighting the importance of significant interpersonal relationships in human behavior, this study potentially has implications not only for understanding the pathogenesis of weight gain but also the prevention and treatment of this condition.
In another novel line of research, Gordon and colleagues unexpectedly found that intestinal bacteria appear to have an important effect on body weight. Two recent papers in mice (19) and human subjects (20) extend their work in this interesting area. They found that the intestinal flora of obese mice and human subjects are enriched in firmicutes species and relatively deficient in bacteroidetes. They further found that transplantation of intestinal flora from obese mice to lean mice promoted weight gain. In obese humans who lost weight, intestinal flora began to look more like that of lean individuals, raising questions as to whether these changes are primary or secondary to some aspect of the diet or energy balance. These intriguing studies also open the possibility of novel therapeutic approaches.
Diet Therapy
Overweight and obese individuals have four choices: accept their weight where it is, change their diet and physical activity behaviors, use a weight loss medication, or have weight loss surgery. These options go from low risk/low effectiveness to greater risk/ greater effectiveness. The foundation of any weight loss strategy is the diet and physical activity behaviors of the individual. But what advice should a physician give patients in these areas? What is the best diet and how much physical activity is needed to produce weight loss and maintain the reduced state? Several recent studies provide insights into these important questions.
The A-Z study conducted by Gardner and colleagues (21) directly compared the effectiveness of the Atkins (low carbohydrate), Ornish (high carbohydrate, low fat), LEARN (behavior modification approach), and Zone (high protein, moderate fat) diets in a randomized 1-yr trial in 311 overweight or obese premenopausal women. Unlike many weight loss studies where 35-45% of subjects drop out in the first year (22) (23) (24) , subject retention in this study was 75-88% in each group. Although all groups lost weight, the weight loss produced by the Atkins diet (5.5%) was significantly greater than the other groups. The strengths of this study are its size and the high retention rates. One weakness of this study is the lack of data on adherence rates. This is particularly relevant in that a similar previous study by Dansinger testing the relative effectiveness of several popular diet approaches demonstrated that the most important factor associated with weight loss on one of these programs was the ability of the individual to adhere to the prescribed diet (25) .
One problem seen in virtually all studies of dietary therapy for obesity is weight regain after the period of weight loss (26) (27) (28) (29) . There is a growing belief that specific approaches to weight maintenance need to be developed and that these may be different from approaches used for producing weight loss. A study by Wilfley et al. (30) published in 2007 addressed this important issue in a group of 204 healthy overweight children. After a period of weight loss, children were randomly assigned to a control condition of usual care, a maintenance condition that emphasized behavioral skills, or a maintenance condition that emphasized social support including strategies for dealing with teasing. This 2-yr treatment study demonstrated that both maintenance strategies were superior to the control condition in sustaining weight loss. Children with higher levels of social functioning randomized to the social facilitation arm did the best. This study emphasizes the value of controlled trials examining specific hypothesis-based weight-maintenance strategies.
In summary, dietary modifications that reduce energy intake remain central to any weight loss strategy. Experimental data now support the use of a range of dietary strategies including low-carbohydrate, low-fat, and high protein diets. It appears that the central question now is not what the best diet is, but rather how we can help people adhere to a dietary program for the long term. In addition, data are still lacking as to the health benefits of dietary therapy using hard endpoints such as cardiovascular morbidity and mortality.
Exercise
How about physical activity recommendations? In the last few years, progress has been made in a number of related areas. A study by Church et al. (31) examined the dose-response relationship between exercise and fitness. This study randomized 464 sedentary obese/overweight postmenopausal women to three levels of exercise and measured a number of health-related endpoints. The low-dose group exercised 72 min/wk, whereas the high-dose group exercised 191 min/wk. This study showed a linear dose response with measurable improvements in fitness even at the lowest treatment dose. This study supports the recommendation that even modest increases in physical activity can produce measurable benefits, but as one might suspect, more exercise had greater effects. The study is limited in that it does not provide information about the long-term risks (musculoskeletal or sudden death) of higher doses of exercise in less healthy women or men, and as is true with dietary therapy, important questions remain about the benefits of exercise on hard endpoints such as CVD risk, although new information indirectly addresses this latter issue. In the latest of a series of studies of the relationship between fitness, obesity, and all-cause mortality, Blair and co-workers (32) examined data from a prospective study of over 2600 adults 60 yr of age or older followed for a mean of 12 yr. This analysis demonstrated that the increased risk of overall mortality seen in individuals with increased waist circumference was abolished if these abdominally obese individuals were fit. Higher levels of fitness were inversely associated with all-cause mortality in both normal-weight and obese individuals after correcting for a number of potential confounding variables. In fact, within the high-fitness-level group, increased BMI did not confer any added mortality risk. These data are consistent with previous studies in younger individuals (33) (34) (35) , and they support the recommendation that older people remain physically active independent of any effects on weight. Many physicians promote increased physical activity levels by prescribing pedometers and step goals. A recent metaanalysis of this approach by Bravata et al. (36) provides support for continuing this practice.
Drug Therapy of Obesity
Over the last several years, there has continued to be dramatic advances in our understanding of the mechanisms that regulate body weight. Morton et al. (37) have written an excellent review of this area of research. Although patients and physicians alike are hopeful that these advances in basic science will translate into new therapeutics, progress in the pharmacotherapy of obesity has been slow. The greatest excitement had been generated by a new class of medications that block the cannabinoid 1 receptor (CB-1R). The endocannabinoid system is a fascinating neurotransmitter system that is widely distributed in the brain and peripheral tissues. The first drug in this class to reach the Food and Drug Administration (FDA) was rimonabant (Sanofi Aventis). A recent metaanalysis by Christensen et al. (38) summarizes the existing clinical data on this compound, which is currently approved, prescribed, and used in many countries around the world. This analysis described the findings in a total of 4105 participants of published clinical trials. These trials demonstrated that rimonabant produced a statistically significant 5% weight reduction compared with placebo. However, there were a number of adverse side effects of this medication, the most concerning being an increased prevalence of depressed mood and anxiety in individuals receiving medication compared with placebo. Summaries of the discussions that took place at the FDA in June of 2007 including the data presented on adverse neurological events, depression, suicidal ideation, attempted suicides, seizure risks, and the potential for central nervous system toxicity can be viewed at http://www.fda.gov/OHRMS/DOCKETS/AC/ 07/slides/2007-4306s1-00-index.htm. After this hearing, the FDA acknowledged the documented ability of rimonabant to produce weight loss and improve markers of metabolic health. However, the FDA did not approve rimonabant due to concerns over potential psychological side effects. This decision has apparently not slowed development of other drugs in this class including taranabant (Merck), which will likely be the next to come before the FDA this year as well as other related compounds under development at Pfizer, Lilly, and Solvay/Bristol Meyers Squibb. Further studies are being conducted, and rimonabant will likely be reviewed by the FDA in a few years once this new data become available.
There are a number of novel targets for pharmacotherapy that have been identified or have come into greater promise during 2006-2008. A group from Japan used a subtraction cloning strategy to identify a new satiety molecule that they named nesfatin (NUCB2) that is expressed in hypothalamic nuclei involved in feeding and reduces food intake in a dose-dependent manner when injected intracerebroventricularly into the brain of rats (39) . It reduces body weight when injected daily for a period of 10 d. In contrast, injection of a neutralizing antibody is associated with increased food intake. Another molecule that is undergoing intense scrutiny is peptide YY (PYY). PYY 3-36 has been shown to modulate neural activity in brain systems involved in food intake in a manner that reduces spontaneous food intake (40) . Studies have demonstrated that this molecule can increase satiety, reduce hunger, and reduce food intake in humans when given iv or sc (41) . Recent data using intranasal administration have produced mixed results (42) . However, studies continue, and there remains hope that this molecule or a related molecule that acts on its cognate receptor may have utility in weight management. There have, however, been somebumpsintheroadforsomenewagents.Perhapsthemoststriking of these was a neuropeptide Y Y1 and Y5 receptor antagonist that was being developed by Merck (MK0557). This drug was tested in a 1-yr trialinvolvingmorethan1600overweightandobesesubjectsbutfailed to show clinically meaningful weight loss (43) . Although there was initially great enthusiasm for leptin as a weight loss medication, this molecule, which appears to play a fundamental role in body weight regulation in animals, has failed to find a niche in human weight therapy. Although one could be discouraged by this lack of progress in the drug treatment of obesity, there remains tremendous interest on the part of basic researchers funded by the National Institutes of Health andotherfederalorganizationsaswellaspharmaceuticalcompaniesin developingweightlossmedicationsandtremendousopportunitiesthat have grown out of new scientific developments on the regulation of body weight.
It seems likely that a substantial increase in the use of medications to help patients lose weight would ultimately depend on developing medications that promote a degree of weight loss that is attractive to both patients and physicians. It also seems that this degree of effectiveness will more likely be achieved through the use of combinations of treatments. This is an area that has attracted growing interest over the last several years. Combination therapy could mean coadministration of medications that act through different mechanisms, adding weight loss medications to an aggressive behavior modification approach, or prescribing weight loss medications along with newer less aggressive surgical approaches that have lower risk than gastric bypass but also less effectiveness. Several companies have begun studies of combination drug formulations including Qnexa, a proprietary combination of phentermine and topiramate, (Vivus Inc.) and Contrave (naltrexone and buprobion) and Empatic (a sustained-release combination of zonisamide and bupropion) both being developed by Orexigen Therapeutics Inc. Amylin Pharmaceuticals also has an active preclinical program in combination pharmacotherapy combining as many as three medications (pramlintide, PYY3-36, and leptin) in an effort to maximize weight loss.
In summary, although there is hope that pharmacotherapy will eventually improve the treatment outlook for obese patients, currently available agents deliver a degree of weight loss that has not been very attractive to patients or insurers, and a number of obstacles have impeded progress in the development of newer more effective medicines. It is hoped that by combining medications that act through different mechanisms or combining medications with other weight loss strategies, a higher degree of weight loss will be achieved with less toxicity. If this can be achieved, perhaps there will be more enthusiasm on the part of clinicians for embracing weight loss treatments.
Surgical Therapy
Perhaps the greatest excitement in obesity treatment has come from increasing evidence of the effectiveness of surgical approaches. Many patients are not satisfied with the degree of weight loss they achieve with behavior modification or drug therapy. Surgical therapies currently offer the greatest likelihood of the highest degree of weight loss. However, questions have persisted about whether bariatric surgery has long-term beneficial effects on mortality. Two papers published in the New England Journal of Medicine in 2007 directly addressed this issue. The first is the long-term follow-up of the Swedish Obesity Study (SOS) (44) . This study was a prospective controlled trial of more than 4000 individuals, half of whom had weight loss surgery and half of whom had medical therapy. Many of the patients in the surgical arm had an older gastric restriction procedure that is not used any more because it had lower levels of efficacy and greater risk than currently used approaches. The degree of weight loss produced by surgery compared with nonsurgical treatment is depicted in Fig. 3 . For the first time and despite the limitation of the types of surgery done, the long-term follow-up from this well done study demonstrates almost a 30% reduction in mortality in surgically treated patients compared with those treated medically (Fig. 4) . Although an expected decrease in mortality due to diabetes was seen, the more dramatic effect was seen in the reduction in death rates due to cardiovascular disease and especially cancer. Although it has long been known that obesity is associated with increased rates of certain cancers, this study provides compelling evidence that weight loss decreases the risk of cancer associated with obesity. Data on the specific types of cancer that subjects in each arm of the trial developed were not presented in this paper. A second study by Adams et al. (45) examined this same issue using a retrospective cohort design. This study reported mortality rates in 9949 patients who had undergone bypass surgery and were compared with a control group identified through driver's license records. With a follow-up of 7.1 yr, all-cause mortality in those individuals who had undergone weight loss surgery was 40% less than that seen in the control group. As was found in the SOS study, there was a 92% reduction in mortality due to diabetes and a 60% reduction in mortality due to cancer. Because mortality due to cancer was a greater fraction of the overall death rate, the benefits in reduction of cancer rates prove to be the more important health benefit in this study as well. No data were presented on the specific types of cancer in the two cohorts. Surprisingly, rates of death caused by accidents and suicide were 58% higher in the surgery group compared with the control group. Although the magnitude of this difference was small enough that the overall mortality after gastric bypass surgery was significantly reduced, this increase in accidents and suicide should not be dismissed and merits further study. In summary, although they are not randomized controlled trials, these two studies provide strong evidence that gastric bypass surgery and even gastric restriction surgery has beneficial affects on mortality.
Another recent study examined the potential benefits of laparoscopic banding procedures on diabetes control (46) . In this study by Dixon et al. (46) from Victoria, Australia, a group of 60 obese patients with recently diagnosed type 2 diabetes and a BMI of 30 -40 kg/m 2 were treated in an unblinded randomized controlled trial between 2002 and 2006. Half the group received conventional diabetes therapy focusing on weight loss by lifestyle change, whereas the intervention group received a laparoscopic adjustable gastric banding along with their usual care. Remission of type 2 diabetes defined as a fasting glucose less then 106 mg/dl and glycosylated hemoglobin less than 6.2% while taking no medications occurred in 73% of the surgical group but only 13% of the conventionally treated group. The surgically treated patients lost an average of 20.7% of their baseline weight, whereas the conventionally treated group lost only 1.7% at 2 yr of followup. Remission of type 2 diabetes was directly related to the degree of weight lost. There was no evidence of any special benefit of the banding procedure per se on glucose homeostasis. The surgical results at this site are outstanding, and as a result, questions could be raised about how generally this study can be applied. However, this was a well done study that directly compared standard medical therapy to surgical therapy and demonstrated a dramatic advantage of surgical therapy in the management of diabetes. Whether this approach will be cost effective remains to be shown, although cost data were collected by this group, and future publications should address this important issue.
Summary and Conclusions
Obesity is one of the most common health problems in the United States and around the world, and it underlies many of the most common illnesses seen in medical practice. Because of their special expertise in the management of metabolic diseases that require extensive self-care, endocrinologists have an opportunity to not only provide excellent care for their patients with weight problems but to also provide leadership in the their local practice sites and communities as well as regionally in how best to address the serious public health problem of obesity. New research developments raise the hope that more effective treatments are on the horizon for this challenging clinical condition.
